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Introduction
Endogenous growth theory suggests that a firm's R&D activity and innovation are central to its technological progress and productivity growth. Firm's technological leadership is reinforced by its deliberate investments into R&D. Crepon et al. (1998) present a model, which combines a knowledge-production function, relating R&D activity to patenting or innovative activities, with economic performance as measured by labor productivity. They propose that causality runs from higher productivity to higher innovative activity (propensity to innovate) and subsequently from higher innovative activity to higher productivity growth. The first part of the causality link between higher productivity level and subsequently higher innovative activity has been supported in the data (Crepon et al., 1998; Lööf et al., 2002 , Mohnen et al., 2006 .
The second part of the link -from innovation activity to firm productivity growth, however, has proven more difficult to corroborate empirically. There seem to be two opposite effects at work when accounting for the impact of innovation on firm productivity growth. On one hand, there is a labor displacement effect of process innovation, while on the other there is a compensation effect caused by higher demand following product innovation (Griffith et al., 2006) . Parisi et al. (2006) find that process innovations significantly impacted productivity growth of Italian firms in the late 1990s, while product innovations had a much less significant effect. Harrison et al. (2005) and Hall et al. (2007) , demonstrate that due to increased demand product innovation may result in employment growth, and therefore in lower productivity, while process innovation is likely to have labor saving effects and hence improve productivity. Net effect of innovation on firm productivity growth therefore depends on the relative importance of the two types of innovation.
The aim of this paper is to study the impact of innovation on firm productivity growth. We use firm-level innovation (CIS) data combined with balance sheet data for a large sample of Slovenian firms in the period 1996-2002 and, controlling for different types of innovation, we study whether innovation effects on productivity growth change across the distribution of firms according to productivity growth.
The paper is structured as follows. Section two describes the data set and discusses the empirical approach used. Section three presents results. The last section concludes.
Data and empirical approach

Data
We use data from the Community Innovation Surveys (CIS) for Slovenian firms, covering the years 1996, 1998, 2000 and 2002, 4 which are combined with the firm balance sheet data. Table 1 reveals that the rate of innovation activity, which captures both product innovation and process innovation, is only about 20% among Slovenian firms. 5 Table 1 shows that innovative firms are on average larger in terms of employment, have higher R&D expenditures, are more export oriented, and are more likely to be foreign owned. At the same time, the innovation activity of firms is shown to be highly persistent over time.
[Insert Table 1] The difference in productivity between innovating and non-innovating firms is best demonstrated in Figure 1 showing that the in the initial period (in 1996) distribution of innovating firms in terms of labor productivity 6 is slightly skewed to the right compared with the distribution of all firms. By 2002, the distribution of productivity of innovators has shifted further to the right of the distribution of all firms in the sample. This indicates that innovating firms are performing better in terms of productivity growth than noninnovating firms. It remains to be shown, however, whether superior productivity evolution is common to all innovating firms or specific to particular sub-samples.
[Insert Figure 1] 
Empirical approach
To estimate the contribution of innovation to firms' TFP growth we use a variation of the standard growth accounting approach:
(1)
where small letters indicate logarithmic rates of change. Variables y it , k it and l it , denote value added, capital stock and employment in firm i at time t, respectively. Inov is a dummy variable [0, 1] indicating whether a firm is innovative in year t or not. Variables EX, X EU (X YU ) denote exporter status dummy, share of exports to the EU (former Yugoslav) countries in firm's total exports. Share of exports to the markets of the European Union (former Yugoslavia) serves to illustrate exposure to different competitive pressures in different markets. F is a dummy variable indicating whether firm is foreign owned. T and S denote year and sector dummies. Note that as (1) is estimated in log first differences of the output and input variables, the firm specific effects related to these variables are wiped out. The remaining firms specific effects are captured by other right-hand-side variables and the remaining error term ε it .
As a robustness check, we regress the total factor productivity growth (tfp it ) directly on innovation and other right-hand-side variables, whereby we also control for firm size by including the number of employees (L it ). tfp it is estimated either by simple OLS or, alternatively, by the Levinsohn-Petrin (2003) method, which takes account of the simultaneity between input and output variables in (1).
Results
Basic results
6 Measured as log value added per employee.
OLS results, presented in Table 2 , however, do not seem to confirm the initial findings depicted in Figure 1 . Pooled OLS regression results do not confirm faster productivity growth of innovating firms for either product or process innovations. Given the implications of Figure 1 , there should be sub-groups of firms within the group of innovators that benefited from innovation substantially while the others did not.
[Insert Table 2] Unfortunately, results of estimating (1) on sub-samples of firms according to deciles of their productivity level (Table 2) do not fully reveal the factors driving this rightward shift of the distribution of innovators. Results indicate that the only group of firms showing significant impact of innovation on productivity growth are firms in the 8 th (9 th ) productivity decile. These results, however, do not fully explain the large right-shift in the distribution of productivity growth of innovating versus non-innovating firms.
Alternatively, (1) can be estimated by productivity-growth deciles, which can be done effectively by using quantile regressions. Compared with least squares regression, quantile regression estimates are more robust to non-normality of the error distribution. Unlike OLS, quantile regressions are based on absolute deviations, therefore placing much less weight on outliers while providing information on higher moments of the distribution.
[Insert Table 3] Indeed, Table 3 reveals that successful innovation is found to have a significant positive impact on productivity growth for firms in the first four deciles of productivity growth. With higher quantiles, the impact of innovation first dissipates and then becomes even significantly negative. These results imply that the slow growing firms are likely to experience significant benefits from successful innovation, while faster growing firms do not extract any additional benefits from innovation. Discriminating between product and process innovation does not reveal significant differences between the two, suggesting both having similar impact on productivity growth of Slovenian firms.
Robustness check
As a robustness check to the above findings, we estimate (1) with alternative measures of productivity. Both measures of TFP, obtained either by OLS or by Levinsohn-Petrin method, corroborate the results obtained with labor productivity. Both estimatates show that innovations benefit most the slowest growing firms, up to the 3 rd or 4 th decile, while afterwards this positive effect of innovation on productivity growth first dissipates and become significantly negative from the 7 th decile onwards. This diminishing effect of innovation on firm productivity growth is graphically presented in Figure 3 , which shows quantile regression results by productivity-growth centiles. Slowest growing firms are, again, shown to benefit most from their engagement in innovation activity, while fastest growing firms are shown to be negatively affected by innovation as compared to their non-innovating counterparts.
[Insert Table 4] [Insert Figure 2 ]
Conclusions
The paper analyses the impact of innovation on firms' productivity growth using firmlevel innovation (CIS) and accounting data for a large sample of Slovenian firms from 1996-2002. Unlike some recent studies, we do not find the response of productivity growth to successful innovation to be heterogeneous with respect to the type of innovation. Instead, we find that innovation effects on productivity growth change across the distribution of firms. When taking account of the heterogeneity of firms we find that successful innovation benefits slower growing firms only (the lowest four deciles in terms of productivity growth), while fastest growing firms may not extract any additional benefits from innovation. This evidence demonstrates how innovation can shift the distributions of firms according to productivity over time. Innovation is shown to aid the slowest growing firms and thus facilitate the observed convergence of firms in terms of productivity in the manufacturing sector. Notes: Estimated coefficient on the vertical axis. Quantile of growth in value added per employee on the horizontal axis.
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